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1 Introduction

The Rel-17 WID of additional enhancements for NB-IoT and eMTC have been approved in RAN#86 and revision can be seen in [1]. The following objective is included in the WID:

	· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.)


In RAN2 #111e meeting, the following agreements have been approved:
	Agreements

· Paging carrier selection Improvements based on CE level is considered

· Paging carrier selection Improvements based on DRX cycle may be considered

· whether DRX cycle is considered as part of CE level (Rmax) or can be also considered separately

· Enhancements for NPRACH Carrier selection carrier may be considered

· Paging carrier selection Improvements solely based on WUS or GWUS is not considered

· FFS service based


In RAN2 #112e meeting, there were some discussion on the prioritized objective of CEL-based paging carrier selection improvements, e.g., about MME awareness, clarification on CE level terminology and how to judge this CE level information, and how to negotiate or assign the related parameter between UE and RAN. However, no agreement has been achieved.

In RAN2 #113e meeting, the discussion focus on the two different options, e.g., some aspects of these options and pros/cons of each option:

· Option 1: UE selects a paging carrier based on a rule configured by the network

· Option 2: NW configures a specific paging carrier

But still no progress has made. RAN2 only had the working assumption that for both options, when coverage changes, mechanism that requires UE to report the update of coverage is not introduced. 
No further progress has made in RAN2 #113bise meeting. 
In RAN2 #114e meeting, based on email discussion, the following agreements have been made. Both option 1 and option 2 are further clarified but RAN2 still haven't made the final decision on which option would be specified:
	· Rel-17 paging carriers and the legacy paging carriers should be exclusive.

· RAN2 assumes S1AP/NGAP update is not needed.

· Carrier selection criteria does not include power boosting or service

· FFS: For option 1, whether DRX can be part of the carrier selection criteria

· Rel-17 paging carrier configuration is provided in broadcast signalling.

· Select between the following sub-options:

· Option 1c: Network enables UE to select a Rel-17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling

· Option 2a: NW indicates the carrier to use explicitly via dedicated signalling based on information determined within the NW.

· FFS for both options whether there is a report from the UE to suggest a carrier or provide a metric report

· Working assumption: UE metric for determining carrier suitability and selection is based on measured NRSRP. FFS whether to use a hysteresis/longer averaging/timer

· For option 1, upon cell change, FFS: 

· Alt 1: based on previously determined CEL and broadcasted paging carrier configuration in the new cell.

· Alt 2: UE needs to perform fallback mechanism.

· For option 2, upon cell change, UE needs to perform fallback mechanism.

· Whenever the R17 coverage based carrier criteria is met, UE uses the R17 coverage based carrier, otherwise UE should use the fallback mechanism

· For both options, fall back carrier is legacy paging carrier based on UE_ID


In RAN2 #115e meeting, based on email discussion, the following agreements have been made:
	Agreements

· Support coverage or carrier specific DRX configurations, FFS details.

· UE capability for Rel-17 paging carrier selection should be introduced
· UE metric for determining carrier suitability and selection is based on NRSRP.

· Use a hysteresis/longer averaging/timer for UE metric based on NRSRP.

· FFS whether to introduce new UE report and/or whether to mandate support of existing Msg5 reporting


In RAN2 #116e meeting, based on email discussion, the following agreements have been made:
	Agreements

· DRX is not used a criterion that needs to be explicitly considered for paging carrier selection.

· Option 1c with Alt2 (fallback when cell change) is supported


After RAN2 #116 e-meeting, email discussion “[Post116-e][311][NBIOT/eMTC R17] NB-IoT carrier selection” has discussed the details of Option 1c. In this contribution, we will further discuss the remaining FFSs of Option 1c.  

2 Discussion

2.1 Information in dedicated signalling
In RAN2#116 e-meeting, RAN2 has agreed to specify the Option 1c for CEL-based paging carrier selection. In the previous meeting agreements, the Option 1c is described as following:
· Option 1c: Network enables UE to select a Rel-17 paging carrier by providing the coverage information (CEL/Rmax) for the carrier selection to the UE in dedicated signalling

Moreover, as mentioned in [R2-2110110] from proponent company, such information can be a certain Rmax/NPDCCH repetitions for decoding NPDCCH. And such information already can be estimated by the eNB based on UE’s service quality in connected mode and sent to MME/AMF for subsequent PAGING (in UEPagingCoverageInformation-NB-> npdcch-NumRepetitionPaging in the following table):
	TS 36.413

9.2.1.109 Cell Identifier and Coverage Enhancement Level

This IE provides information for paging CE capable UEs.

IE/Group Name

Presence

Range

IE type and reference

Semantics description

Global Cell ID

M

E-UTRAN CGI 9.2.1.38

Coverage Enhancement Level

M

OCTET STRING

Includes either the UEPagingCoverageInformation message as defined in 10.2.2 of TS 36.331 [16], or the UEPagingCoverageInformation-NB message as defined in 10.6.2 of TS 36.331 [16].

TS 36.331

UEPagingCoverageInformation-NB message
-- ASN1START

UEPagingCoverageInformation-NB ::= SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




uePagingCoverageInformation-r13


UEPagingCoverageInformation-NB-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

UEPagingCoverageInformation-NB-IEs ::= SEQUENCE {

--
the possible value(s) can differ from those sent on Uu


npdcch-NumRepetitionPaging-r13


INTEGER (1..2048)
OPTIONAL,

nonCriticalExtension




SEQUENCE {}

OPTIONAL

}

-- ASN1STOP


In the email discussion “[Post116-e][311][NBIOT/eMTC R17] NB-IoT carrier selection”, for the issue of assigned information via dedicated signaling, more companies are fine to provide a Rmax information, e.g., npdcch-NumRepetitionPaging to the UE in dedicated signaling (when UE is released to idle). 
At the same time, some companies mentioned another option, e.g., to provide coverage information related to NRSRP, e.g. ‘coverage level’. Per our understanding, here the coverage information related to NRSRP may be a NRSPR threshold provided in dedicated signaling. In the following, we will re-compare these two options.
During the email discussion “[Post116-e][311]”, based on more companies’ comments, the following proposals have been given for the R17 paging carrier configuration in SIB:

	Proposal 3: In SIB, one or more R17 paging carriers can be configured with a same Rmax (npdcch-NumRepetitionPaging) parameter, which means these paging carriers are corresponding to a same coverage level.

Proposal 13: In SIB, coverage specific NRSRP threshold is supported, e.g., a common NRSRP threshold value is configured for the R17 paging carrier(s) with same Rmax (npdcch-NumRepetitionPaging).


Based on that, we think the meaning of Rmax in the dedicated signaling is clear, e.g., the assigned repetition numbers for UE to decode the DL message in idle mode (such assignment can guarantee the consistent understanding between UE and network). If the suitability checking for this Rmax is fulfilled, UE would select a R17 carrier among the carrier(s) corresponding to this assigned Rmax in SIB (e.g., the one or more R17 paging carriers that are configured with this Rmax in SIB). We think such understanding is also aligned with the context of Option 1c. Here we have an assumption for simplicity, e.g., network can ensure the assigned (UE-specific) Rmax in dedicated signaling falls within the range of the configured Rmax values in R17 paging carriers list in SIB. In other word, network can avoid the situation where no paging carrier is configured in SIB with the assigned (UE-specific) Rmax.
If a NRSRP threshold is provided in the dedicated signaling, we are not clear what this parameter really means to UE? It doesn’t like a coverage information but just a threshold to determine the coverage. Due to ambiguity on the meaning, we think it may cause more confusion on UE behavior. 
For example, we may provide the following configuration in SIB:

	Rmax
	The corresponding carrier list 
	The NRSRP threshold for suitability checking for this Rmax

	4
	f1, f2
	-110dB (can approximately correspond to CEL0)

	32
	f3, f4
	-120dB (can approximately correspond to CEL1)


If Rmax = 32 is assigned to the UE in dedicated signaling, via mapping its assigned UE-specific Rmax with the Rmax in SIB, the UE firstly can know that the R17 carrier list (f3, f4) would be the candidate R17 paging carrier list. The UE would also check whether its current serving cell NRSRP (-100dB) is higher (better) than the NRSRP threshold (-120dB) for Rmax = 32, if Yes, that means the suitability checking is fulfilled, UE can use the R17 carrier list (f3, f4) in the following legacy paging carrier selection scheme. Otherwise, e.g, UE’s current serving cell NRSRP is less than the NRSRP threshold (-120dB), that means the suitability checking isn’t fulfilled, the UE would fall back to legacy paging carrier selection. 
However, if a NRSRP threshold, e.g., -120dB, is provided to UE in dedicated signaling, the case may be a bit complicated. As it’s a threshold for determining the coverage, if UE’s current serving cell NRSRP (-100dB) is equal to or higher (better) than -120dB, it may be not easy to just say that UE is in CEL1 and the Rmax = 32 would be used. As the UE’s current serving cell NRSRP is also higher (better) than -110dB, the suitability check criteria for Rmax = 4, it may be also correct to say that UE is in CEL0 and the suitability check for Rmax = 4 is fulfilled. This may further cause inconsistence between UE and network. We think this might be avoid with additionally restriction in the field description of the NRSRP threshold in dedicated signaling, but that would introduce more unnecessary complexity.
Observation 1: If a NRSRP threshold is provided to UE in dedicated signaling, it may be possible that several CELs are determined to the UE and the suitability check for several Rmax(s) are fulfilled. This will cause ambiguity when determining the candidate R17 paging list for the UE and furthermore cause potential inconsistence between UE and network.
Moreover, considering such assigned (UE-specific) coverage information also needs to be delivered to core network, we feel the scheme of providing NRSRP threshold may cause more confusion. Moreover, new additional IE (which is aligned with the possible NRSRP threshold IE in RRC release message) needs to be introduced into S1/NG signaling that would cause more complicated RAN3 impacts. On the contrary, as mentioned above, the scheme of providing Rmax to the UE in RRC release message has very small impact for RAN3 specification. In RAN3 previous meeting, almost all the involved companies can agree that the current Coverage Enhancement Level IE (including npdcch-NumRepetitionPaging (Rmax)) can be reused, the only additional change may be to introduce an indication to let the paging (ng-)eNB know whether the coverage level-based paging carrier selection is activated in UE or not.
Observation 2: If a NRSRP threshold is provided to UE in dedicated signaling, it may cause more confusion and more specification impacts in RAN3.

Therefore, we still suggest to provide Rmax information to the UE in dedicated signaling.

Proposal 1: Rmax information, e.g., npdcch-NumRepetitionPaging is provided to the UE in dedicated signaling (when UE is released to idle).
Furthermore, as RAN3 still wait for RAN2 progress and pending the discussion on whether a coverage level-based paging carrier selection activation indication is needed and how/where to provide such indication, if proposal 1 can be agreed, we suggest to send an LS to RAN3 to indicate the agreement and give some RAN2 preference about how to provide coverage level-based paging carrier selection activation indication.
Proposal 2: If proposal 1 can be agreed, RAN2 send an LS to RAN3 to indicate the agreement and give some RAN2 preference about how to provide coverage level-based paging carrier selection activation indication.
2.2 TS 36.304 impacts 

In the on-going R17 TS 36.304 running CR [3], some changes are introduced to Nn determination to reflect how the R17 capable UE choose the R17 CEL-based paging carriers, the other details are still FFS and reminded in Editors’ Note. 

However, with reference to the introduction of GWUS, we think Nn can be kept unchanged. Moreover, the current changes in the running CR don't seem to cover the case of R17 NB-IoT UE which doesn’t support CEL-based paging carrier. Therefore, we suggest another change way for this part.

Moreover, in the running CR, a separate section is introduced to cover the conditions for UE to use CEL-based paging carrier selection sachem, e.g., mainly the suitability checking for the assigned Rmax. But the details is still FFSs. 

In the following, we suggest more details for the mentioned parts in this TS 36.304 running CR:
	TS 36.304:
<Start of the change>
7.1
Discontinuous Reception for paging

The following Parameters are used for the calculation of the PF, i_s, PNB, wg, and the NB-IoT paging carrier:

-
T: DRX cycle of the UE.
In RRC_IDLE state:
………….

          Editor Note: FFS whether and how to update T calculation if coverage/carrier specific DRX cycle is supported.

-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, and for NB-IoT also T/512, and T/1024. FFS the value of nB if coverage/carrier specific nB value is supported.
-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
Nn: number of paging narrowbands (for P-RNTI monitored on MPDCCH) or paging carriers (for P-RNTI monitored on NPDCCH) determined as follows:
      If UE monitors P-RNTI on NPDCCH and performs coverage-based paging carrier selection according to clause 7.x:

           If UE monitors GWUS according to clause 7.5.1:

this is the number of paging carriers configured with GWUS and also coverage-based carrier selection.

           else:

this is the number of paging carriers configured with coverage-based carrier selection.
else:
If UE monitors GWUS according to clause 7.5.1:

this is the number of paging narrowbands (paging carriers configured without coverage-based carrier 
selection) that are configured with GWUS
else:

this is the number of paging narrowbands (paging carriers configured without coverage-based carrier 
selection) provided in system information.
-
UE_ID
………………………………
7.X Conditions for coverage-based paging carrier selection



The coverage-based carrier selection is only used in the cell in which the UE most recently entered RRC_IDLE triggered by:

-
reception of RRCEarlyDataComplete; or

-
reception of RRCConnectionRelease not including noLastCellUpdate; or

-
reception of RRCConnectionRelease including noLastCellUpdate and the UE was using (G)WUS in this cell prior to this RRC connection attempt.
When all of the following conditions are met then the UE shall perform coverage-based paging carrier selection:
-
the UE is in RRC_IDLE;

-
the UE supports coverage-based carrier selection;

-
coverage-based carrier configuration is provided in system information;

-
Rmax information is provided in RRCConnectionRelease or RRCEarlyDataComplete;
-
UE’s serving cell NRSRP is equal to or higher than the NRSRP threshold configured for the Rmax in coverage-based carrier configuration in system information which is equal to the Rmax assigned to the UE in RRCConnectionRelease or RRCEarlyDataComplete.
<End of the change>


Proposal 3: RAN2 discuss the proposed changes for TS 36304 running CR.
3 Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: If a NRSRP threshold is provided to UE in dedicated signaling, it may be possible that several CELs are determined to the UE and the suitability check for several Rmax(s) are fulfilled. This will cause ambiguity when determining the candidate R17 paging list for the UE and furthermore cause potential inconsistence between UE and network.
Observation 2: If a NRSRP threshold is provided to UE in dedicated signaling, it may cause more confusion and more specification impacts in RAN3.

Proposal 1: Rmax information, e.g., npdcch-NumRepetitionPaging is provided to the UE in dedicated signaling (when UE is released to idle).

Proposal 2: If proposal 1 can be agreed, RAN2 send an LS to RAN3 to indicate the agreement and give some RAN2 preference about how to provide coverage level-based paging carrier selection activation indication.
Proposal 3: RAN2 discuss the proposed changes for TS 36304 running CR.
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